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TECHNICAT, MEMORANDUM X-106

TRANSONIC STATIC AFRODYNAMIC CHARACTERISTICS OF A BLUNT
CONE-CYLINDER BODY WITH FLARED AFTERBODIES
OF VARIOUS ANGLES AND BASE AREAS*

By Roy M. Wakefield, Earl D. Knechtel,
and Stuart L. Treon

SUMMARY

A transonic wind-tunnel investigation has been conducted to determine
the static aerodynamic characteristics of a low-fineness-ratio blunt
cone-cylinder stabilized by various flared afterbodies. The effects of
variagtion of the ratio of flare base area to body cross-sectional area
are shown for three flare angles. Test Mach numbers ranged from 0.60
to 1.40 and angles of attack from -2° to +lho, for a constant Reynolds
number of 0.375 million based upon the cylindrical body diameter.

INTRODUCTION

Recent increased demand for aerodynemic data on low-fineness-ratio
bodies of revolution at transonic speeds stems not only from the growing
interest in atmosphere entry vehicles and aircraft escape capsules, but
also from an increasing awareness that stability of such bodies 1s often
critical in the transonic speed range. Experimental studies of low-
fineness-ratio blunt bodies at transonic speeds, such as that of refer-
ence 1, are not sufficiently numerous to provide data over the ranges of
design parameters of interest.

As part of a continuing study at the Ames Research Center of the v
transonic aerodynamic characteristics of low-fineness-ratio bodies (the
first results of which are reported 1n ref. 2), results are presented
for a blunt cone-cylinder with various flared afterbodies. The present
report shows the effects of varying the ratio of flare base area to body
cross-sectional area from 2 to 6 for flare angles of 10°, 20°, and 30°.
The results are presented without detailed discussion.

*Pitle, Unclassified
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NOTATION

base area of flared afterbody

base axial force
as
forebody axial force
as

base axial-force coefficient,

forebody axial-force coefficient,

pitching-moment coefficient about nose-cylinder juncture,
pitching moment
gsSd

normal force
as

normal-force coefficient,

normal~force parameter, that is, the slope of the straight line
drawn from Cy at a = 0° to any point on the Cy vs. a curve

center of pressure

cylindrical body diameter

model length

flare length

Mach number

dynamic pressure

cross-sectional area of cylindrical body
angle of attack, deg

flare semivertex angle, deg
Mcdel Component Designations

blunt conical nose
cylindrical body, subscript indicating length in diameters

flared afterbody, subscript xx indicating flare semivertex
angle in degrees, and subscript x indicating ratio of flare
base area to cylindrical body cross-sectional area
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APPARATUS AND MODELS

The investigation was conducted in the Ames 2- by 2-foot transonic
wind tunnel which is equipped with a perforated test section affording
continuous choke-free operation at Mach numbers up to 1.4. Additional
information regarding this test facility is provided in reference 3.

Dimensioned sketches of the 13 models employed in this investigation
are shown in figure 1. Common to all of the models were a blunt conical
nose and cylindrical center body 2 diameters in length. This basic
shape was tested alone and with various flared afterbodies. Flare angles
were 10°, 20°, and 30°; flare lengths were as required to provide ratios
of flare base area to body cross-sectional area of 2, 3, 4, and 6. A
boundary~layer trip wire 0.008 inch in diameter was cemented around the
conical surface 1/2 inch behind the tip of the nose (fig. 1).

The models were mounted in the wind-tunnel test section on a sting-
supported, internal, strain-gage balance. Photographs of two of the
models installed in the test section are shown in figure 2.

TESTS, DATA REDUCTION, AND PRECISION

The investigation was conducted at ten Mach numbers from 0.6 to 1.k,
eleven angles of attack from -2° to +lho, and a constant Reynolds number
of 0.375 million based on the cylindrical body diameter. Normal force,
axial force, and pitching moment were determined for all models.

Preliminary studies employing the boundary-layer visualization
technique of reference L indicated that the boundary-layer flow over
the blunt conical nose naturally became turbulent on the fore part of
the conical surface; hence the boundary layer would also be expected to
be turbulent at the higher Reynolds numbers of full-scale flight condi-
tions. To ensure uniformly turbulent boundary-layer conditions, an
0.008-inch-diameter trip wire was employed on the conical nose surface
(fig. 1) and was observed to be effective by the previously mentioned
boundary-layer visualization technique.

The axial forces were resolved to forebody and base axial-force
coefficients. TFor the forebody axial-force coefficients, the measured
axial forces were adjusted to account for the difference between the
measured base pressure and an assumed condition of free-stream static
pressure acting at the base of the model.

The results of references 5 and 6 for models having cylindrical
and flared afterbodies indicate significant effects of the presence of
a sting on base axial force, whereas there is evidence that the forebody
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axial force is not affected. The magnitudes of such effects on base
axial force are not known for the present models; therefore, the base
axial-force ccefficients do not necessarily represent the actual forces
that would be encountered in free flight.

The angles of attack have been corrected for elastic deflection of
the balance and sting under aerodynamic loads. Stream-angularity cor-
rections in this wind tunnel are known to be negligible and therefore
were not applied.

No corrections have been made for possible interference effects of
the perforated test-section walls inasmuch as transonic tests of various
sizes of sharp- and blunt-nosed bodies reported in the appendix to refer-
ence 7 indicated no significant systematin effects of wall interference.
However, there was an indication at a Mach number of 1.2 of reflected
wave interference on the base axial-force coefficients for two models
with large flares.

In addition to the possible systematic errors resulting from
neglecting some of the above effects, certain random errors exist which
influence the precision, or repeatability, of the results. An analysis
using the methods of reference 8 indicated that the precisions of Mach
number, angle of attack, and aerodynamic coefficients were as follows:

M 0.003 Cm  0.03

@  0.05° Cap 0.02

cy 0.02 Cpp, 0.01
RESULTS

The variations with angle of attack of coefficients of normal force,
pitching moment, forebody axial force, and base axial force for a blunt
cone-cylinder with various flared afterbodies are presented in figures 3
to 14%. The variations with Mach number of normal-force parameter Cpy/a
and center of pressure at selected angles of attack, and of forebody and
base axial-force coefficients at O° angle of attack are summarized in
figures 15 to 21. Shadowgraph views of two flared models are presented
in figure 22 to show the difference in shock patterns and flow separation
ahead of the flares for two sizes of flares at two Mach numbers. The
separation was observed to have a significant effect on the longitudinal
characteristics of the larger models, particularly on the normal-force
parameter (fig. 19) and center of pressure (fig. 20).

The decrease in the level of the base axial-force coefficients at
a Mach number of 1.2 for the models with the largest 20° and 30° flares
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(figs. 10 and 18(b) and figs. 14 and 18(c), respectively) are presumed
to result from wall-reflected disturbances. The estimated level of Cp
in the region of the presumed interference is shown by a broken line
(figs. 18(b), (c)). No effects of the disturbances were evident on the
corresponding normal-force, pitching-moment, and forebody axial-force
coefficients.

Ames Research Center
National Aeronautics and Space Administration
Moffett Field, Calif., July 9, 1959
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N2 Bz Fio-6
| N.B.F N2 B2 Fio-#
{ 2°2710-3 N. B. F
| N. B 2-2"10-2
22 /
0.008- Dia. trip wire ] .
Radius \
~ |
| N
|4.2° N |2{)0 Dia.
0.500 — F—
—Moment reference \I\J
—1.524 — 2.500 ——= ——
| NBF. 2B2F0-6
272 20-4'\] B.F
{ 2727 20-3 . N .
N.B.F . All dimensions in inches
2-2°20-2 // unless otherwise noted.
1
I
—— - -
\\J~\J\\\\
N, B,F :
2°2 -6
' _NZ BZ F3o-4_30— MODEL 8, Deg. L/d B/S Lg/d
l N2 B2 F30-3— >
N, B,F —_——— N,B 3.22 1 0.00
272"30-2 / —F 272
A7 NoBFigp, 10 bedy 2 1a7
NpBoF gy 10 529 3 2,07
| NoBpFp 04, 10 6406 L 2484
T [ - NoBpFios 10 7.33 6 hal
}
Ny NyBoFp_o 20 3.78 2 0456
\J\ NoByFpg.y 20 L.o22 3 1.00
NoBoFpo., 20 LeS9 L 137
L¢ NyBoFpag 20 5,21 6 1499
L
NgBpF30.2 30 3.60 2 0438
NBF3p-3 30 3.8 3 0.62
NpBoFyny, 30 L.o8 L 0.86
NpBoFyog 30 L6 6 1.2k

Figure 1.- Geometric details of models.
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Figure 2.- Typical models mounted in the test section.
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Figure 15.- Effects of flare base area on the normal-force parameter,

for constant flare angle.
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Figure 15.- Continued.
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Figure 15.- Concluded.
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Figure 16.- Effects of flare base area on the center of pressure, for
constant flare angle.
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Figure 16.- Continued.
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Figure 16.- Concluded.
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Figure 17.- Effects of flare base area on the forebody axial-force
coefficient at zero angle of attack, for constant flare angle.
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Figure 18.- Effects of flare base area on the base axial-force
coefficient at zero angle of attack, for constant flare

angle.
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Figure 19.- Effects of flare angle on the normal-force parameter near
zero angle of attack, for constant flare size.
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Figure 20.- Effects of flare angle on the center of pressure near zero
angle of attack, for constant flare size.
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Figure 21.- Effects of flare angle on the forebody axial-force coefficient
at zero angle of attack, for constant flare base area.
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Figure 22.- Shadowgraph views of two models with 300 flares; a
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Figure 22.- Concluded.
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